Two experiments with finishing pigs were conducted to evaluate the effects of fluctuating dietary CP levels and ractopamine on performance and carcass traits. In Exp. 1, a total of 408 finishing pigs (mixed sex) were assigned to 1 of 4 protein regimens. Average initial and final BW were 89 and 123 kg, respectively. Pigs on treatments 1 to 4 were fed 16, 11, 16, and 13% CP from wk 0 to 2, respectively. From wk 2 to 5, the pigs on regimens 1 to 4 were then fed 15, 18.33, 18, and 20% CP, respectively, with regimens 3 and 4 also containing supplemental ractopamine (9.9 mg/kg) from wk 2 to 5. Overall (wk 0 to 5), BW gain, G:F, loin depth, percentage of lean, and dressing percentage were improved (P < 0.05) in pigs on regimens 3 and 4 compared with those on regimens 1 and 2. No statistically significant overall (wk 0 to 5) protein sequence regimen differences occurred between the standard regimens (1 and 3) and the low-high CP regimens (2 and 4). Experiment 2 involved 172 finishing pigs (mixed sex) in 2 protein regimens. Average initial and final BW were 91 and 136 kg, respectively. The diets consisted of 1) a control (16% CP from d 0 to 14, 18% CP + 4.95 mg of ractopamine/kg from d 14 to 24, and 18% CP + 9.9 mg of ractopamine/kg from d 24 to 35; 2) a low-high CP regimen (12.5% CP from d 0 to 14, 20.33% CP + 4.95 mg of ractopamine/kg from d 14 to 24, and 20.33% CP + 9.9 mg of ractopamine/kg from d 24 to 35. From d 0 to 14, pigs fed the low CP diet (12.5% CP) had reduced (P < 0.05) BW gain and G:F compared with those fed the control diet (16% CP). In contrast, from d 14 to 35, pigs on the low-high regimen had improved (P < 0.08) BW gain and G:F compared with pigs on the control regimen. Despite the wide dietary CP fluctuations for pigs in Exp. 2, performance and carcass traits were similar for both regimens over the 35-d test period. These data indicate that pigs fed deficient levels of CP and Lys for 14 d, followed by increased levels of CP and Lys during a subsequent 21-d period can recover and achieve growth performance and carcass merit equal to that achieved with a conventional protein feeding regimen.
INTRODUCTION
Exploring new feeding strategies for enhancing lean meat production is important to the growth of the pork industry. Induced compensatory growth is one strategy that has been evaluated in growing-finishing pigs by several researchers over many years.
Several studies (Robinson, 1964; Campbell et al., 1983; Prince et al., 1983; Pond and Mersmann, 1990; Critser et al., 1995; Bikker et al., 1996a,b; Fischer et al., 2001 ) have studied the effect of restricted feed intake followed by ad libitum feeding in growing pigs. However, research by Wahlstrom and Libal (1983) varied CP levels without feed being restricted. Their work revealed that grower pigs fed reduced (12%), as opposed to increased, CP (16%) diets responded more in the subsequent growth periods to 14% CP diets than did those previously fed the 16% CP diet. Furthermore, work by de Greef et al. (1992) showed that grower pigs (28 to 65 kg) that had been fed diets very deficient in protein (roughly 9% CP) had partial compensatory growth responses in the finishing stage (65 to 105 kg), as opposed to those that had been fed an excess CP level (20.5%) in the grower stage. Chiba (1994 Chiba ( , 1995 also showed compensatory growth responses in finishing pigs previously fed marginal AA levels during the grower stage, whereas positive responses were not observed in a later study (Chiba et al., 1999) . We reported (Edmonds and Baker, 2003) that in lean genetic lines of growing-finishing pigs, there were statistically significant compensatory growth responses in uncrowded pigs, but not in crowded pigs, when fluctuating levels of dietary CP were fed.
Another feeding strategy currently used in the pork industry is the supplementation of late finishing diets with ractopamine. Two early studies (Watkins et al., 1990; Bark et al., 1992) clearly showed substantial improvements in performance and carcass leanness when finishing pigs were fed diets with added ractopamine.
To our knowledge, there are no published reports in which leaner genetic lines of late finishing pigs have been fed reduced dietary CP followed by excess dietary CP to determine their effect on compensatory growth. In addition, we are not aware of any studies in which late finishing pigs have been fed supplemental ractopamine in conjunction with the aforementioned feeding strategies to determine the effect of both strategies simultaneously on compensatory growth responses. Therefore, the objectives of our experiments were 1) to evaluate the effect of protein fluctuations in late finishing pigs on performance and carcass characteristics, and 2) to determine whether dietary addition of ractopamine would affect the responses to protein fluctuations.
MATERIALS AND METHODS
All research protocols followed guidelines stated in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999) .
General Procedures
Two experiments were conducted with finishing pigs. In Exp. 1, the pigs were housed in 3 buildings. One building was a naturally ventilated grower-finisher facility with fully slatted floors. The second building was a mechanically ventilated grower-finisher facility with fully slatted floors. A third building was an openfront grower-finisher facility with 65% slatted and 35% solid concrete floors. The pigs in Exp. 2 were housed in an open-front building with 65% slatted and 35% solid concrete floors. Pigs were allotted to treatments in Exp. 1 from blocks based on ancestry, BW, and sex in a randomized complete-block design. In Exp. 2, the pigs were allotted to treatments from blocks based on BW and sex in a randomized complete-block design. One self-feeder (5 feeder holes in the open-front growerfinisher building and 3 feeder holes in the naturally and mechanically ventilated grower-finisher buildings) and 1 nipple waterer were provided in each pen. Environmental temperature in the buildings ranged from 15 to 22°C during the trials. The experimental positive control diets (regimens 1 and 3 in Exp. 1 and regimen 1 in Exp. 2) were formulated to meet or exceed all nutrient requirements (including CP and Lys) of 80-to 120-kg pigs (NRC, 1998) . Diets were fed in meal form.
Animals
Crossbred pigs from the Kent Feeds Product Development Center resulting from the cross of Pig Improvement Company (Franklin, KY) Line 356 males and Camborough 22 females were used in Exp. 1. In Exp. 2, crossbred pigs were purchased and involved a cross of Line 337 males and Camborough 22 females.
Protocol and Design for Exp. 1
A total of 408 finishing pigs were assigned to 1 of 4 treatment regimens. There were 11 replications (pens) per treatment. Each pen contained an equal number of gilts and barrows, and the pigs used in this 5-wk trial averaged 89 kg at trial initiation and 123 kg at trial termination. The pigs were housed in 3 separate buildings. The naturally ventilated grower-finisher building with fully slatted floors had pen dimensions that were 2.44 (length) × 2.44 m (width). After adjusting for the space occupied by the feeder (0.37 m The experimental diets for regimens 1 to 4 are shown in Table 1 . Regimens 1 to 4 received 16 (0.82% Lys), 11 (0.47% Lys), 16 (0.82% Lys), and 13% CP (0.61% Lys) diets from wk 0 to 2, respectively. During wk 2 to 5, the pigs on regimens 1 to 4 were then fed 15 (0.75% Lys), 18.33 (0.98% Lys), 18 (0.96% Lys), and 20% CP (1.10% Lys), respectively, with regimens 3 and 4 also containing supplemental ractopamine (9.9 mg/ kg, Elanco Animal Health, Greenfield, IN) from wk 2 to 5. All diets were formulated using a standard level of a commercial premix, which consisted of vitamins, trace minerals, salt, dicalcium phosphate, calcium carbonate, and distillers dried grains with solubles. The remainder of the diets contained corn and soybean meal, which were varied to accomplish target levels of CP. True ileal digestible AA values for corn and soybean meal (NRC, 1998) were also calculated, and values for Lys, Thr, Trp, and Met + Cys are shown in Table 1 . The protein sequences used in Exp. 1 were designed to provide an average concentration of 15.4% CP and 0.67% Lys for regimens 1 and 2 (without ractopamine) and 17.2% CP and 0.79% Lys for regimens 3 and 4 (9.9 mg/kg of ractopamine).
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Protocol and Design for Exp. 2
A total of 172 finishing pigs (mixed sex) were used in 2 protein regimens. There were 9 replications (pens) per treatment. Each pen contained between 8 to 10 pigs, with the sex ratio and number of pigs remaining constant for each block. The average initial and final BW were 91 and 136 kg, respectively. Pen dimensions were 5.6 (length) × 2.0 m (width), and with 8 to 10 pigs in each pen, the space allocation per pig was 1.12 to 1.4 m 2 . Listed in Table 2 . The commercial premix used in all these diets was similar to that used in Exp. 1. As in Exp. 1, greater and lesser levels of CP were obtained by adding or reducing soybean meal at the expense of corn. Table 2 also shows values for true ileal digestible AA as described before for Exp. 1. Both regimens in Exp. 2 provided an average CP concentration of 17.2% during the 35-d experimental period. Crude protein analysis was determined by the combustion method (% N × 6.25; AOAC, 1996) .
Carcass Analysis
Fat and loin depths were measured using an Animal Ultrasound system (Tyson Foods Inc., Columbus Junction, IA) with percentage of lean also reported for each pig. Dressing percentage was calculated by dividing HCW (head removed) by BW × 100.
Statistical Analysis
Each pen of pigs was the experimental unit for all statistical analyses. In Exp. 1, there were no significant differences among replicates 1 to 4, 5 to 8, and 9 to 11 (i.e., buildings), so the data for all replicates were pooled for analysis. The data were subjected to ANO-VA using GLM procedures (SAS Inst. Inc., Cary, NC). Differences among the 4 regimens in Exp. 1 were evaluated by the least significant difference method (Carmer and Walker, 1985) .
RESULTS
Exp. 1
From d 0 to 14, BW gain and G:F were greater (P < 0.05) in pigs fed the greater compared with the lesser concentrations of CP and Lys (Table 3) . From d 14 to 35, within diets without (regimens 1 and 2) and with (regimens 3 and 4) ractopamine, daily BW gain and G:F were similar regardless of the protein and Lys levels that were fed. Results for the entire 35-d feeding period indicated that CP and Lys intakes for pigs not receiving ractopamine were not different for the standard (regimen 1) and the low-high regimen (regimen 2). In addition, rate and efficiency of BW gain, as well as carcass merit, were not different for pigs in regimens 1 and 2.
Average daily CP and Lys intakes over the 35-d feeding period were 539 g of CP/d and 24.7 g of Lys/d for pigs in regimen 3; the values were 537 g of CP/d and 24.8 g of Lys/d for pigs in regimen 4. In addition, performance criteria and carcass quality measurements were similar for pigs in regimen 3 (standard regimen) and regimen 4 (low-high CP and Lys regimen). The greater protein and Lys regimens, in which ractopamine was fed (regimens 3 and 4), resulted in an improved (P < 0.05) rate and efficiency of BW gain compared with the regimens with less protein and Lys not containing ractopamine (regimens 1 and 2). Loin depth, percentage of lean, and dressing percentage were also greater (P < 0.05) for pigs in regimens 3 and 4 than for those in regimens 1 and 2.
Exp. 2
All pigs in this trial received 4.95 mg of ractopamine/ kg from d 14 to 24, followed by a stepped up level of 9.9 mg of ractopamine/kg during the final 11 d of the late finishing period (Table 4) . As occurred in Exp. 1, average daily CP and Lys intake over the 35-d feeding period did not differ between pigs in regimens 1 and 2 in Exp. 2 (data not shown).
During the 0-to 14-d preractopamine feeding period, pigs fed 16% CP and 0.82% Lys gained faster and more efficiently (P < 0.05) than those fed 12.5% CP and 0.57% Lys. During the 14-to 24-d and 24-to 35-d feeding periods, pigs performed similarly on both regimens. Overall (d 0 to 35), BW gain, feed intake, feed efficiency, and carcass merit were similar between the standard and low-high CP and Lys feeding regimens.
DISCUSSION
One of the key findings of this work was that, regardless of whether ractopamine was fed in late finishing, underfeeding CP and Lys for 2 wk, followed by overfeeding CP and Lys for 3 wk did not reduce overall BW gain, feed efficiency, or carcass merit. The purpose of using a diet with 12.5% CP and 0.57% Lys in Exp. 2 (d 0 to 14) was to make certain that performance would be substantially less than that in pigs fed a diet with 16% CP and 0.82% Lys because growth and feed efficiency in Exp. 1 were not reduced as much on the 13% CP diet (0.61% Lys) as we had expected. In Exp. 2, we did observe a compensatory growth response from d 14 to 35 for pigs fed ractopamine-supplemented diets containing 20.33% CP (1.12% Lys) compared with those Means within a row containing unlike superscript letters are different (P < 0.05). Provided the following per kilogram of diet: calcium, 6.2 g; phosphorus, 1.4 g; salt, 3.9 g; retinyl acetate, 2,643 µg; cholecalciferol, 24.0 µg; dl-α tocopheryl acetate, 34.3 mg; vitamin K, 2.7 mg; vitamin B 12 , 0.023 mg; riboflavin, 5.7 mg; d-pantothenic acid, 20.6 mg; niacin, 36.6 mg; choline chloride, 2.7 mg; selenium (sodium selenite), 0.23 mg; iodine (calcium iodate), 1.07 mg; copper (copper sulfate), 66 mg; manganese (manganese sulfate), 20.7 mg; iron (ferrous sulfate), 81 mg; zinc (zinc sulfate), 112 mg; phytase, 286 phytase units. Edmonds and Baker fed diets with 18% CP and 0.96% Lys. This compensatory growth response for pigs previously fed the low level of CP resulted in performance and carcass traits being similar between the standard regimen and the low-high CP regimen during the 35-d feeding period.
In Exp. 2, we used a step-up ractopamine program for both treatments during the last 21 d. Thus, the pigs were fed 4.95 mg/kg for 10 d, followed by 9.9 mg of ractopamine/kg for 11 d before being slaughtered. The purpose for using this sequence of ractopamine concentrations was that some swine operations follow these recommendations because performance and economic returns are improved (Herr et al., 2001; Armstrong et al., 2005; Schinckel et al., 2006) compared with using only the 4.95 mg/kg concentration for 21 d. Moreover, the 18 to 20% CP levels with ractopamine provide for a good balance of all AA, as reported by Webster et al. (2001) .
Most (8 out of 11) of the pens in Exp. 1 had enough pigs to simulate a crowded (0.7 m 2 /pig) condition typical of the swine industry. Our previous research (Edmonds and Baker, 2003) showed that pigs that were uncrowded had greater responses in growth when fed extreme CP variations (2-wk regimens of protein overfeeding, followed by underfeeding) compared with pigs that were not crowded. Perhaps we did not observe as much compensatory growth in Exp. 1 from the lowhigh CP regimen because most the pens were crowded. Nonetheless, we elected to crowd most of the pigs in this trial because this is more typical of what occurs in the swine industry.
In Exp. 1, we observed that finishing pigs that were primarily crowded and fed low-high CP-Lys regimens (with or without ractopamine) had similar fat depths, loin depths, percentages of lean, and dressing percentages compared with those fed the more constant levels of CP. Moreover, in Exp. 2, the same carcass traits mentioned previously were also similar between finishing pigs that were not crowded and that were fed the low-high CP regimens with ractopamine compared with those fed the standard diets with ractopamine. In our previous studies (Edmonds and Baker, 2003) , we observed a regimen × space interaction in finishing pigs, in which extreme CP variations resulted in increased backfat and decreased percentage of lean in uncrowded pigs compared with essentially no change in Protein fluctuations and ractopamine these measurements in crowded pigs. Why we observed no change in carcass traits in Exp. 2 herein, in which finishing pigs were not crowded, is unknown. However, in Exp. 2, the feeding periods were much shorter (35 d) than the 84 d used in the work by Edmonds and Baker (2003) . In addition, the CP-Lys sequences fed were different, and ractopamine was not included in our previous work, all of which may have played a role in the carcass data being different between the present study and our previous work.
Several studies have evaluated compensatory growth responses and carcass quality in uncrowded pigs that were not fed supplemental ractopamine. Several researchers (Wahlstrom and Libal, 1983; Chiba, 1994 Chiba, , 1995 Chiba et al., 1999; Fabian et al., 2002) found no changes in carcass quality in finishing pigs (100 to 108 kg) that previously were subjected to marginal AA deficiencies in the grower stage. In addition, Campbell et al. (1983) and Prince et al. (1983) observed that moderate feed restriction in grower pigs resulted in no differences in carcass composition during the finishing (90 to 100 kg) stage. Moreover, Wyllie et al. (1969) and Zimmerman and Khajarern (1973) found no changes in carcass composition of finishing pigs that were previously fed reduced CP diets in the starter period compared with those fed greater CP levels in the starter period. Hogberg and Zimmerman (1978) also observed similar carcass quality in fat-strain, but not lean-strain, finishing pigs previously fed reduced CP starter diets compared with starter diets with more CP. In that study, they specifically observed a smaller LM in the lean compared with the fat strain of pig. Furthermore, Mrõz et al. (1987) observed that young pigs (21 to 84 d of age) gained slower when fed diets with reduced Lys, but they subsequently gained BW faster in the finisher stage, thus resulting in similar overall (21-to 225-d) carcass traits.
Numerous studies have been conducted in an attempt to understand the mechanisms behind compensatory growth in pigs. Some researchers have shown a marked increase in organ weights after a period of feed restriction (Pond and Mersmann, 1990; Stamatarist et al., 1991; Bikker et al., 1996b; Fischer et al., 2001) . Campbell et al. (1983) suggested that nutrient restriction in one phase could result in a decrease in the energy requirement needed for maintenance in other stages of growth. Research by Atinmo et al. (1978) reported that in rehabilitated pigs (fed 6% CP diets for 8 wk after weaning, followed by adequate diets to 20 wk of age), plasma GH concentrations increased, whereas insulin concentrations decreased compared with pigs on the control diets.
In other research not involving pigs, a compensatory growth broiler study by Dilger et al. (2006) involved either 1 wk of alternating high-low CP (and Lys) or high-low Lys (but not CP) during a 42-d grower period. They observed overall BW gain, feed efficiency, and carcass merit to be essentially the same between regimens. Thus, chicks compensated during the increased CP and Lys periods for the reduced performance that occurred in the periods when the deficient CP and Lys levels were consumed.
